Differential salinity-induced variations in the activity of H⁺-pumps and Na⁺/H⁺ antiporters that are involved in cytoplasm ion homeostasis as a function of genotype and tolerance level in rice cell lines.
The characterisation of cellular responses to salinity in staple crops is necessary for the reliable identification of physiological markers of salinity tolerance. Under saline conditions, variations in proton gradients that are generated by membrane-bound H⁺ pumps are crucial for maintaining cytoplasm homeostasis. We examined short (15 h) and longer term effects (4 days) of NaCl stress on the H⁺ pumping activities that are associated with the plasma membrane (P-ATPase) and the tonoplast (V-ATPase and V-PPase) in rice (Oryza sativa L.) callus lines that displayed different levels of NaCl tolerance and were established from two japonica rice cultivars. The applied stress conditions were based on those that were used in the induction of a stress-responsive polyubiquitin gene promoter (UBI1) in transgenic rice calli. The most remarkable effect of NaCl stress on H⁺ pumping was the rapid activation of tonoplast-bound pumps; this was particularly observed in cv. Bomba, in which the response of the P-ATPase was slower and showed a higher level of activity after 4 days of stress. The responses were cultivar-dependent; however, in general, a stronger activation occurred in the lines that had a higher tolerance (L-T) than in the less-tolerant (L-S) lines. Substrate hydrolysis was less affected than H⁺ pumping, and it yielded higher H⁺/substrate coupling ratios, which is indicative of an enhanced H⁺ pumping efficiency under saline conditions. The Na⁺/H⁺ antiport activity was generally limited to salt-stressed calli, and higher values and stronger activation of the tonoplast antiporter were observed in the L-T lines than in the L-S lines. The results that were obtained with the NaCl-stressed transgenic lines confirmed the close relationship between metabolic activity, H⁺ pumping and the induction of Na⁺/H⁺ exchange activities.